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(7) ABSTRACT

The present invention provides a high frequency module
having a base substrate unit (2) which has its uppermost
layer planarized to form a buildup-forming surface (16), a
high frequency circuit unit (3) having multiple wiring layers
which are formed on the base substrate unit (2), each of
which layers has a wiring pattern and film elements formed
on a dielectric insulating layer thereof, whose uppermost
wiring layer (17) has plural lands (22) and ground patterns
(20) formed thereon together with the wiring pattern and
inductor elements (19), and a semiconductor chip (4)
mounted on the wiring layer (17) of the high frequency
circuit unit (3). Transmission lines (24) to connect the
inductor elements (19) and lands (22) which are formed on
the wiring layer (17) are directed within hollowed pattern
regions (20c) formed at the ground pattern (20) to constitute
coplanar type transmission lines.
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HIGH FREQUENCY MODULE

TECHNICAL FIELD

[0001] The present invention relates to a high frequency
module which is effectively used in a radio communication
module having radio communication function, storage func-
tion, etc.

[0002] This application claims priority of Japanese Patent
Application No. 2002-062550, filed on Mar. 7, 2002 in
Japan, the entirety of which is incorporated by reference
herein.

BACKGROUND ART

[0003] Recently, in the field of communication systems for
transmitting various information, owing to development of
various communication terminal equipments and data pro-
cessing systems as well as improvement of service networks
of the ISDN (Integrated Service Digital Network), digital
broadcasting, etc., transmission and reception of information
using portable type equipments replacing fixed type equip-
ments are widely coming into use. There is installed a radio
communication module having radio communication func-
tion, storage function, etc. in a communication apparatus.
Such a radio communication module includes an antenna
unit for transmitting and receiving information signals
which has an antenna and a changing-over switch, a trans-
mission/reception switching-over unit for switching opera-
tional function between transmission and reception, a recep-
tion circuit unit having a frequency conversion circuit, a
demodulation circuit, etc., a transmission circuit unit having
a power amplifier, a drive amplifier, a modulation circuit,
etc., and a reference frequency generation circuit unit for
providing the reception circuit unit and the transmission
circuit unit with reference frequency.

[0004] The radio communication module is coming to
have higher functions or multiple functions, enabling high-
speed communication of various information such as data
information, image information, etc., while being required to
be reduced in size as well as to have low electric power
consumption property so as to be installed in a portable type
communication apparatus. Conventionally, the radio com-
munication module is configured using a circuit manufac-
tured under the lumped-constant design, in which a substrate
has formed thereon various filters and couplers as well as
mounted thereon chip parts such as capacitors and coils. On
the other hand, the radio communication module employing
the lumped-constant design cannot fulfill above-described
demand specification. Thus, generally, the radio communi-
cation module is configured using a circuit manufactured
under the distributed parameter design, in which a wiring
substrate has formed thereon passive elements such as
inductors, capacitors, etc. in the film forming manner, and
the respective passive elements and mount components are
connected through transmission lines such as microstrip
lines and strip lines.

[0005] FIG. 1 shows the configuration of a conventional
high frequency module substrate 100 in which a two-layer
high frequency circuit unit 101 is formed in the buildup
manner on a four-layer base substrate unit 102 which is
formed by the general multilayer print wiring technology. In
the high frequency module substrate 100, a first wiring layer
103 and a second wiring layer 104 are formed on a dielectric
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insulating layer respectively in the pattern forming manner
to form the high frequency circuit unit 101, and passive
elements such as inductors and capacitors are formed in the
first and second wiring layers 103, 104 in the film forming
manner by employing the thin-film technology or the thick-
film technology, details of which will be omitted. The first
wiring layer 103 has formed thereon in the pattern forming
manner a transmission line 105 to connect the respective
passive elements and lands which is formed under the
distributed parameter design.

[0006] The high frequency module substrate 100 has
power circuits and control circuits formed in respective
wiring layers 106, 107, 108, and 109 of the base substrate
unit 102 thereof, and the third wiring layer 106 is a fully
solid ground layer whose whole surface is formed into
ground, details of which will be omitted. In the high fre-
quency module substrate 100, the high frequency circuit unit
101 and the base substrate unit 102 are electrically separated
with the ground layer 106 arranged therebetween, which can
suppress mutual electrical interference to realize property
improvement. In the high frequency module substrate 100,
since the ground layer 106 is defined as a ground surface, the
transmission line 105 works as a microstrip line.

[0007] FIG. 2 shows the configuration of a high frequency
module substrate 110 in which a two-layer high frequency
circuit unit 111 is formed in the buildup manner on a
four-layer base substrate unit 112 which is formed by the
general multilayer print wiring technology, in which basic
configuration of the high frequency circuit unit 111 and the
base substrate unit 112 is similar to that in the high fre-
quency module substrate 100. In the high frequency module
substrate 110, a first wiring layer 113 of the high frequency
circuit unit 111 has formed thereon in the pattern forming
manner a transmission line 115 which is formed under the
distributed parameter design, and has formed thereon
ground patterns 1164 and 1165 being kept insulated from the
transmission line 115.

[0008] The high frequency module substrate 110 shown in
FIG. 2 has hollowed patterns 117a, 118a, 194, and 120a
formed at parts of respective wiring layers 117, 118, 119, and
120 of the base substrate unit 112 thereof facing the trans-
mission line 115, which configuration defines no ground
surface for the transmission line 115. In the high frequency
module substrate 110, employing this configuration, the
transmission line 115 works as a coplanar line. In the high
frequency module substrate 110, the hollowed patterns 1174,
1184, 1194, and 120a are formed at all the respective wiring
layers 117, 118, 119, and 120 of the base substrate unit 112.
On the other hand, as a configuration not losing coplanar
function of the transmission line 115, the fifth wiring layer
119 may be a fully solid ground layer.

[0009] FIG. 3 shows the configuration of a high frequency
module substrate 130 in which a high frequency circuit unit
131 having two wiring layers 133 and 134 is formed in the
buildup manner on a base substrate unit 132 having four
wiring layers 137, 138, 139, and 140 which is formed by the
general multilayer print wiring technology, in which basic
configuration of the high frequency circuit unit 131 and the
base substrate unit 132 is similar to that in the high fre-
quency module substrate 110. In the high frequency module
substrate 130, the first wiring layer 133 of the high fre-
quency circuit unit 131 has formed thereon in the pattern
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forming manner a transmission line 135 which is formed
under the distributed parameter design, and has formed
thereon ground patterns 1364 and 136) being kept insulated
from the transmission line 135.

[0010] In the high frequency module substrate 130 shown
in FIG. 3, the third wiring layer 137 of the base substrate
unit 132 is a fully solid ground layer. In the high frequency
module substrate 130, the high frequency circuit unit 131
and the base substrate unit 132 are electrically separated
with the ground layer 137 arranged therebetween, which can
suppress mutual electrical interference to realize property
improvement. In the high frequency module substrate 130,
since the ground layer 137 is defined as a ground surface, the
transmission line 135 works as a ground coplanar line.

[0011] FIG. 4 shows the configuration of a high frequency
module substrate 150 in which a high frequency circuit unit
151 having two wiring layers 153 and 154 is formed in the
buildup manner on a base substrate unit 152 having four
wiring layers 157, 158, 159, and 160 which is formed by the
general multilayer print wiring technology, in which basic
configuration of the high frequency circuit unit 151 and the
base substrate unit 152 is similar to that in the high fre-
quency module substrate 110. In the high frequency module
substrate 150, the first wiring layer 153 of the high fre-
quency circuit unit 151 has formed thereon in the pattern
forming manner a transmission line 155 which is formed
under the distributed parameter design, and has formed
thereon ground patterns 156a and 156b being kept insulated
from the transmission line 155.

[0012] In the high frequency module substrate 150 shown
in FIG. 4, the third wiring layer 157 of the base substrate
unit 152 is a fully solid ground layer. In the high frequency
module substrate 150, the high frequency circuit unit 151
and the base substrate unit 152 are electrically separated
with the ground layer 157 arranged therebetween, which can
suppress mutual electrical interference to realize property
improvement. In the high frequency module substrate 150,
since the ground layer 157 is defined as a ground surface, the
transmission line 155 works as a ground coplanar line.

[0013] In the high frequency module substrate 150 shown
in FIG. 4, the fourth wiring layer 158 of the base substrate
unit 152 has formed thereon in the pattern forming manner
a transmission line 161 which is formed under the distrib-
uted parameter design, and the fifth wiring layer 159 facing
the ground layer 157 with the transmission line 161 arranged
therebetween is also a fully solid ground layer. Thus, the
high frequency module substrate 150 has the transmission
line 161 working as a strip line formed at an inner layer of
the base substrate unit 152 thereof together with the trans-
mission line 155 working as a ground coplanar line of the
high frequency circuit unit 151.

[0014] On the other hand, in the conventional high fre-
quency module, a ground pattern formed on a layer of
multiple wiring substrates of, especially, a high frequency
signal processing unit alone of a high frequency circuit
block is defined as a ground surface to form a microstrip
type transmission line, which can improve cost merit as well
as effectively utilize substrate area. Since a semiconductor
chip and electronic parts are mounted on the surface of a
high frequency module, for example, a high frequency
module substrate 200 shown in FIG. 5 is arranged.

[0015] FIG. 5 shows the configuration of a high frequency
module substrate 200 in which a high frequency circuit unit
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is formed in the buildup manner on a base substrate unit
which is formed by the general multilayer print wiring
technology, details of which will be omitted. In the high
frequency module substrate 200, a surface layer 201 of the
high frequency circuit unit shown in FIG. § has formed
thereon a spiral type inductor element 202 in the film
forming manner and a ground pattern 203 enclosing the
inductor element 202. The inductor element 202 has its one
end connected to a transmission line 204, and has its other
end connected to an inner layer circuit of the high frequency
circuit unit through via holes, details of which will be
omitted.

[0016] In the high frequency module substrate 200, the
surface layer 201 has formed thereon plural lands 205, 206,
207, and 208 onto which a semiconductor chip, not shown,
is to be mounted under the flip chip mounting, as shown in
FIG. 5. The first land 205 and the fourth land 208 are lands
for ground which are unitedly formed together with ground
patterns 209z and 209b respectively, and are connected to a
ground pattern formed on a buildup-forming surface of the
base substrate unit side through via holes, details of which
will be omitted. The second land 206 is a land for DC
signals. The third land 207 is a land for RF signals to which
one end of the transmission line 204, whose other end is
connected to the inductor element 202, is connected. The
transmission line 204 is a microstrip type transmission line
which defines the ground pattern formed at the base sub-
strate unit side as a ground surface.

[0017] In the high frequency module substrate 200, the
surface layer 201 has properly formed thereon plural lands,
transmission lines, and passive elements such as capacitor
elements, register elements, etc. In the high frequency
module substrate 200, an antenna element, a coupler pattern,
etc. are also formed in the film forming manner, and
surface-mount type electronic parts which do not require
ground connection are also properly mounted.

[0018] In the high frequency module substrate 200 shown
in FIG. 5, since a ground pattern is formed on a buildup-
forming surface of the base substrate unit side, it becomes
possible to form transmission lines for digital signals, etc. in
an inner layer, which can realize high density mounting. On
the other hand, in the high frequency module substrate 200,
a transmission line 210 for DC signals is formed on the
surface layer 201, being directed to form a shortest distance
from the second land 206. Thus, in the high frequency
module substrate 200, the ground patterns 209a, 2095 of the
lands 205, 208 are separated from the ground pattern 203 of
the inductor element 202, in which configuration continuity
thereof cannot be maintained. In the high frequency module
substrate 200, as has been described above, since the ground
patterns 209a, 209b are connected to the ground pattern at
the base substrate unit side through via holes, there is raised
a problem that resistance components and inductance com-
ponents of the via affects high frequency property. Further-
more, in the high frequency module substrate 200, since the
respective passive elements generates capacitor components
between the passive elements and the ground pattern of the
base substrate unit side, there is raised a problem that self
resonance frequency and Q value of quality factor are
reduced, which undesirably deteriorates property.

[0019] In the high frequency module substrate 200, since
a ground pattern defining a ground surface is formed at the
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base substrate unit side, and the transmission line 204 is
configured as a microstrip type transmission line, thickness
of respective layers of the base substrate unit side becomes
unequal. Thus, in the high frequency module substrate 200,
it is difficult to form a high frequency circuit unit onto the
base substrate unit in the buildup manner with high accu-
racy, which undesirably deteriorates high frequency prop-
erty.

DISCLOSURE OF THE INVENTION

[0020] Accordingly, the present invention has an object to
overcome the above-mentioned drawbacks of the conven-
tional high frequency module by providing a new high
frequency module.

[0021] The present invention has an object to provide a
high frequency module in which a coplanar type transmis-
sion line which is not required to define a ground surface at
the base substrate unit side is formed at the uppermost
wiring layer so as to improve high frequency property
without managing thickness of respective insulating layers
with high accuracy.

[0022] The above object can be attained by providing a
high frequency module, including a base substrate unit
having multilayered printed wiring boards which has its
uppermost layer planarized to form a buildup-forming sur-
face, a high frequency circuit unit having multiple wiring
layers which are formed on the buildup-forming surface of
the base substrate unit in the lamination manner, each of
which layers has a wiring pattern and film elements formed
on a dielectric insulating layer thereof, and mount compo-
nents consisting of a semiconductor chip and electronic parts
mounted on the uppermost wiring layer of the high fre-
quency circuit unit.

[0023] The uppermost wiring layer of the high frequency
circuit unit has plural lands and ground patterns formed
thereon together with the wiring pattern and film elements,
and the mount components are mounted onto the high
frequency circuit unit by connecting terminals and ground
terminals to the lands and ground patterns respectively
formed on the uppermost wiring layer thereof. Transmission
lines to connect the film elements and lands which are
formed on the uppermost wiring layer of the high frequency
circuit unit are insulated and directed within hollowed
pattern regions formed at the ground pattern to constitute
coplanar type transmission lines which are enclosed by a
ground pattern at one common plane and are required to
define no ground surface at lower layers.

[0024] According to the high frequency module of the
present invention, since the high frequency circuit unit are
formed on the planarized buildup-forming surface of the
base substrate unit having comparatively inexpensive mul-
tilayered printed wiring boards in the lamination manner,
manufacture cost can be reduced and film elements and a
wiring pattern of high accuracy can be formed on each of the
wiring layers of the high frequency circuit unit.

[0025] Furthermore, according to the high frequency mod-
ule of the present invention, since coplanar type transmis-
sion lines which are required to define no ground surface at
the base substrate unit side are formed on the uppermost
wiring layer of the high frequency circuit unit, inequality in
thickness of the insulating layers of the respective wiring
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layers can be reduced as well as severance of ground
patterns formed on the uppermost wiring layer can be
prevented, which can retain high frequency connectivity and
continuity between the film elements and terminals, and can
improve high frequency property.

[0026] These objects and other objects, features and
advantages of the present invention will become more
apparent from the following detailed description of the
preferred embodiments of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 shows a longitudinal sectional view of
major part of a high frequency module having a microstrip
type transmission line.

[0028] FIG. 2 shows a longitudinal sectional view of
major part of a high frequency module having a coplanar
type transmission line.

[0029] FIG. 3 shows a longitudinal sectional view of
major part of a high frequency module having a ground
coplanar type transmission line.

[0030] FIG. 4 shows a longitudinal sectional view of
major part of a high frequency module having a strip type
transmission line.

[0031] FIG. 5 shows a plan view of major part of a
conventional high frequency module.

[0032] FIG. 6 shows a longitudinal sectional view of
major part of a high frequency module according to the
present invention.

[0033] FIG. 7 shows a plan view of major part of a high
frequency module according to the present invention.

[0034] FIG. 8 shows a plan view of major part of a
coplanar type transmission line formed on a wiring layer of
the uppermost layer of a high frequency circuit unit.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0035] The present invention will further be described
below concerning the best modes with reference to the
accompanying drawings.

[0036] The high frequency module of the present inven-
tion has information communication function, storage func-
tion, etc., and is used in a microminiaturized communication
function module unit which is installed in or attached/
detached as an option to/from various electronic apparatuses
such as a personal computer, a cellular phone, a portable
information terminal equipment, or a portable audio appa-
ratus which are adapted to the small-scale radio communi-
cation system specification with carrier frequency band of 5
GHz.

[0037] FIG. 6 shows the configuration of a high frequency
module 1 of the present invention which includes a base
substrate unit 2, and a high frequency circuit unit 3 which is
formed on the base substrate unit 2 in the lamination manner.
The high frequency circuit unit 3 has mounted on the surface
thereof a semiconductor chip 4 and plural surface-mount
type electronic parts Sa, 5b, and Sc having peripheral circuit
function of such as a high frequency transmission/reception
circuit unit.
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[0038] In the high frequency module 1, the base substrate
unit 2 and the high frequency circuit unit 3 are electrically
separated, which can suppress electrical interference toward
the high frequency circuit unit 3 to realize property improve-
ment. The high frequency module 1 has power circuits,
control circuits, and digital signal processing circuits formed
in the base substrate unit 2 thereof, and the base substrate
unit 2 has mount portion to be mounted to an interposer or
a motherboard, not shown, details of which will be omitted.
In the high frequency module 1, since power circuits and
ground patterns having sufficient area are formed in the base
substrate unit 2, power supply under high regulation can be
realized for the high frequency circuit unit 3.

[0039] The base substrate unit 2 has multilayered printed
wiring boards of four layers and is formed by the general
print circuit board technology, etc. The base substrate unit 2
has a pair of organic substrates 6 and 7, with their both
surfaces copper-covered, unitedly put together with a
prepreg 8 arranged therebetween. The first and second
organic substrates 6, 7 have their copper foil treated under
the photolithography processing and etching processing to
form a third wiring layer 9, a fourth wiring layer 10 and a
fifth wiring layer 11, a sixth wiring layer 12 on both surfaces
thereof respectively. In the base substrate unit 2, the third
wiring layer 9 and the sixth wiring layer 12 are connected
through properly formed via holes.

[0040] On the other hand, the third, fourth, fifth, and sixth
wiring layers 9, 10, 11, 12 of the base substrate unit 2 may
be formed by employing other print circuit board technolo-
gies, and may be formed, for example, by patterning both
surfaces of a pair of organic substrates using plating resist to
form plated conductor under the additive method.

[0041] The base substrate unit 2 has the sixth wiring layer
12 coated with protective layer made of solder resist, etc.,
and has predetermined parts of thus formed protective layer
treated under the photolithography processing to form open-
ings. The base substrate unit 2 has its proper wiring pattern
of the sixth wiring layer. 12 exposed to the respective
openings Ni—Au electroless plated to form plural terminals
13. In the base substrate unit 2, these terminals 13 constitute
connection terminals to mount the high frequency module 1
onto an interposer, etc., not shown.

[0042] In the base substrate unit 2, a ground pattern 14 is
formed at part of the third wiring layer 9, and the fifth wiring
layer 11 is a solid pattern ground layer whose whole surface
leaves copper foil. In the base substrate unit 2, the fourth
wiring layer 10, which is formed between the ground pattern
14 of the third wiring layer 9 and the solid pattern of the fifth
wiring layer 11, has transmission lines 152 and 15b formed
under the distributed parameter design formed therein.
These transmission lines 15¢ and 15b which define the
respective ground patterns formed in the upper and lower
wiring layers as ground surfaces work as strip lines, oper-
ating as filter patterns or coupler patterns and so on.

[0043] In the base substrate unit 2, since the fourth wiring
layer 10 is electrically shielded, it becomes possible to form
signal processing circuits for digital signals in the fourth
wiring layer 10, enabling manufacture of the high frequency
module 1 of higher density. The base substrate unit 2, which
has the ground pattern 14 formed partially therein, has no
ground pattern which is defined as a ground surface for
predetermined transmission lines formed in the high fre-
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quency circuit unit 3, details of which will be explained later.
Thus, in the base substrate unit 2, thickness managing of
respective insulating layers of the third, fourth, fifth, and
sixth wiring layers 9, 10, 11, 12 with high accuracy is not
necessary, that is, the respective insulating layers have their
thickness retained at predetermined values, which can
reduce affection toward high frequency property of the high
frequency circuit unit 3 to be described later.

[0044] In the base substrate unit 2, the first organic sub-
strate 6 and the second organic substrate 7 have organic base
material of low relative dielectric constant property and low
Tan & property, that is, are superior in high frequency
property and have mechanical stiffness, refractoriness, and
chemical resistance. The first organic substrate 6 and the
second organic substrate 7 are formed by uniting the organic
base material having above-described property and glass
woven fabric as core material in which glass fibers are
woven reticulately, and then covering both surfaces of thus
formed material with copper. As such organic base material,
liquid crystal polymer (LCP), benzocyclobutene (BCB),
polyimide, polynorbornene (PNB), polyphenylene ether
(PPE), polytetrafluoroethylene (teflon: trademark), bismale-
imidetriazine (BT-resin), or base material generated by
scattering inorganic base material such as ceramic powder to
such resin material is used.

[0045] In the base substrate unit 2, the third wiring layer
9 has an insulating resin layer formed thereon, and has the
insulating resin layer including the surface of the wiring
pattern planarized to form a buildup-forming surface 16 onto
which the high frequency circuit unit 3 is formed in the
lamination manner. In the planarization processing, the
insulating resin layer is polished using scourer being mixture
of alumina and silica to expose the wiring pattern of the third
wiring layer 9. In forming the planarized buildup-forming
surface 16 of the base substrate unit 2, the reactive ion
etching processing (RIE) or plasma etching processing (PE)
may be used other than above-described polish processing.

[0046] The base substrate unit 2 is not restricted to the
four-layer configuration consisting of the third, fourth, fifth,
and sixth wiring layers 9, 10, 11, 12, and may be of
multilayer configuration having more than four layers.
Using the first and second organic substrates 6, 7 of com-
paratively low price, the third, fourth, fifth, and sixth wiring
layers 9, 10, 11, 12 are formed by the general print circuit
board technology. Thus, the high frequency module 1 can be
manufactured with comparatively high accuracy at low cost,
enabling mass production.

[0047] Onto the planarized buildup-forming surface 16 of
the base substrate unit 2, the high frequency circuit unit 3 is
formed in the buildup manner with high accuracy by
employing the thin-film technology or the thick-film tech-
nology. The high frequency circuit unit 3 is two-layer
configuration consisting of a second wiring layer 18 formed
on the buildup-forming surface 16 and a first wiring layer 17
formed on the second wiring layer 18. The first wiring layer
17 and the second wiring layer 18 are connected through
properly formed via holes, not show, and are electrically
connected to the base substrate unit 2.

[0048] The second wiring layer 18 consists of a dielectric
insulating layer which is formed by, for example, coating the
buildup-forming surface 16 with dielectric insulating mate-
rial of predetermined thickness similar to the organic base
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material of the first and second organic substrates 6, 7 using
the spin coat method or roll coat method, and a wiring
pattern formed on the dielectric insulating layer. On the
dielectric insulating layer, a metal thin film layer made of Al,
Pt, or Au are formed on the whole surface thereof using the
sputtering method, and then a conductor pattern is formed by
forming a pattern on the metal thin film layer under the
photolithography processing and removing unwanted part of
the metal thin film layer under the etching processing. The
second wiring layer 18 has passive elements such as capaci-
tor elements, register elements, etc., and filter elements
formed thereon.

[0049] The dielectric insulating layer has a tantalum
nitride layer formed on the whole surface thereof in the film
forming manner including the conductor pattern using the
sputtering method. Part of the tantalum nitride layer is
selectively left behind to form register elements in the
second wiring layer 18, and is treated under the anodic
oxidation processing to form the base of tantalum pentoxide
which works as a dielectric film of capacitor elements. The
tantalum nitride layer has formed thereon an anodic oxida-
tion mask layer which has openings facing lower electrodes
of capacitor elements or register elements forming part, and
is treated under the anodic oxidation processing. The tanta-
lum nitride layer has its part corresponding to the openings
selectively treated under the anodic oxidation processing to
form a tantalum pentoxide layer, and then has its unwanted
part removed under the etching processing. Method of
forming the capacitor elements and register elements is not
restricted to above-described manner, and they may be
formed in the pattern forming manner after forming a
tantalum pentoxide layer by treating the whole surface of the
tantalum nitride layer under the anodic oxidation processing.

[0050] As described above, since the second wiring layer
18 is formed on the planarized buildup-forming surface 16
of the base substrate unit 2, the dielectric insulating layer is
formed with its thickness sufficiently managed and also
respective passive elements are formed with high accuracy.
On the other hand, method of forming the second wiring
layer 18 is not restricted to above-described manner, and it
may be formed by forming a metal thin film layer onto the
whole surface of a dielectric insulating layer having pat-
terned grooves corresponding to a wiring pattern formed
thereon in advance using the sputtering method, and then
polishing the metal thin film layer until the dielectric insu-
lating layer is exposed. Thus, the second wiring layer 18 is
formed with high accuracy in thickness as a whole, enabling
planarization of the surface onto which the first wiring layer
17 is to be formed.

[0051] The first wiring layer 17 is the uppermost layer of
the high frequency module 1, and has the semiconductor
chip 4 and the electronic parts Sa, 5b, and 5c¢ mounted
thereon, as has been described above. The first wiring layer
17 consists of a dielectric insulating layer and a wiring
pattern properly formed on the dielectric insulating layer,
similar to the second wiring layer 18. The first wiring layer
17 is formed by forming a Cu layer which has small loss
property in high frequency band on the dielectric insulating
layer formed on the second wiring layer 18 using the
sputtering method, and treating the Cu layer under the
photolithography processing and the etching processing to
form a predetermined wiring pattern.
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[0052] The first wiring layer 17 has formed on the dielec-
tric insulating layer thereof a first spiral type inductor
element 194, a second spiral type inductor element 195, a
third spiral type inductor element 19¢, a first ground pattern
20 enclosing the first and second inductor element 194, 195,
and a second ground pattern 21 enclosing the third inductor
element 19¢. The first wiring layer 17 has plural lands 22 for
mounting a semiconductor chip to which respective termi-
nals of the semiconductor chip 4 are to be directly connected
under the flip chip mounting, and lands 23a, 23b, and 23c¢ for
mounting an electronic part to which the electronic parts Sa,
5b, and 5c are to be directly mounted.

[0053] The first wiring layer 17 has formed thereon a first
transmission line 244, a second transmission line 24b, and a
third transmission line 24¢ to connect the first, second, and
third inductor elements 194, 19b, 19c¢ to the semiconductor-
chip-mount lands 22. Also, the first wiring layer 17 has
formed thereon transmission lines 25a, 25b, and 25¢ to
connect the semiconductor-chip-mount lands 22 to the elec-
tronic-part-mount lands 23a, 23b, and 23c. The first wiring
layer 17 has formed thereon a high frequency signal trans-
mission line 26 and a digital signal transmission line 27.

[0054] Furthermore, the first wiring layer 17 may have
formed thereon passive elements such as capacitor elements,
register elements, etc. and function elements such as antenna
elements, filter elements, etc. in addition to the inductor
elements 19 in the film forming manner. In this embodiment,
the first wiring layer 17 has mounted thereon the semicon-
ductor chip 4 which is connected to the ground. On the other
hand, a semiconductor chip which does not need ground
connection, similar to the electronic parts 5, may be
mounted on the first wiring layer 17. The semiconductor
chip 4 may be mounted on the first wiring layer 17 under not
only the flip chip mounting but also other proper surface-
mount technology. The first wiring layer 17 may have its
inductor elements 19, transmission lines 24a, 24b, and 24c,
and transmission lines 27 coated with protective layer made
of solder resist, etc. except the lands 22 and 23, details of
which will be omitted.

[0055] As shown in FIG. 7, a rectangular region drawn in
a chain line at substantially the center of the first wiring layer
17 is set to be a chip mounting region 28 onto which the
semiconductor chip 4 is to be mounted, and the plural
semiconductor-chip-mount lands 22 are arranged along four
sides of the chip mounting region 28. The semiconductor-
chip-mount lands 22 consist of lands 22a for inputting/
outputting high frequency signals, lands 22b for inputting/
outputting digital signals, and ground lands 22¢, etc., details
of which will be omitted. Some of the semiconductor-chip-
mount lands 22 are connected to the inductor elements 19
and to the electronic parts 5 through the transmission lines
24, 25, and some of the semiconductor-chip-mount lands 22
are properly connected to the wiring pattern of the second
wiring layer 18 through via holes.

[0056] The respective inductor elements 19 have their
outer side ends connected to the transmission lines 24, and
have their inner side ends properly connected to the wiring
pattern 18a of the second wiring layer 18 through via holes,
details of which will be omitted. The first inductor element
194 and the second inductor element 195 are enclosed by the
first ground pattern 20 with circular insulation regions 20a
and 20b arranged therebetween, as has been described
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hereinbefore. The first inductor element 194 and the second
inductor element 195 are connected to the semiconductor-
chip-mount lands 22 through the first transmission line 24a
and the second transmission line 24b respectively which are
insulated and directed within hollowed pattern regions 20c¢
and 20d formed in the first ground pattern 20, details of
which will be explained later.

[0057] The third inductor element 19c¢ is enclosed by the
second ground pattern 21 with a circular insulation region
21a arranged therebetween, as has been described herein-
before. The third inductor element 19¢ is connected to the
semiconductor-chip-mount lands 22 through the third trans-
mission line 24¢ which is directed within a hollowed pattern
region 215 formed in the second ground pattern 21.

[0058] The high frequency signal transmission line 26 has
its one end connected to the inputting/outputting land 225 of
the semiconductor-chip-mount lands 22, and has its other
end directed to the inside of the chip mounting region 28 to
be connected to the second wiring layer 18 or to the base
substrate unit 2 through via holes, not shown, as show in
FIG. 8. Also, the digital signal transmission line 27 has its
one end connected to one of the semiconductor-chip-mount
lands 22, and has its other end properly directed to the inside
or to the outside of the chip mounting region 28 to be
connected to the second wiring layer 18 or to the base
substrate unit 2 through via holes, not shown.

[0059] In the high frequency circuit unit 3, part of the chip
mounting region 28 corresponds to the ground pattern 14,
drawn in a dotted line in FIG. 7, formed in the third wiring
layer 9 of the base substrate unit 2 side. In the high
frequency circuit unit 3, the third transmission line 24¢ of
the third inductor element 19c and the transmission lines
25b, 25¢ of the second and third electronic parts 5b, Sc,
which are formed at the right side of the first wiring layer 17
are so formed as to correspond to the ground pattern 14 of
the base substrate unit 2 side, as shown in FIG. 7. Defining
the ground pattern 14 as a ground surface, the respective
transmission lines 24¢, 25b, and 25c¢ are configured as
microstrip type transmission lines.

[0060] As described above, the high frequency circuit unit
3 has microstrip type transmission lines formed in part of the
first wiring layer 17. In the high frequency circuit unit 3,
being affected by the ground pattern 14, this region becomes
disadvantageous in high frequency property as compared
with the left side of the first wiring layer 17, which does not
correspond to the ground pattern 14, shown as “A” in FIG.
7, details of which will be explained later. Thus, in the high
frequency circuit unit 3, circuits including passive elements
which do not require high frequency property of high
accuracy are formed on this region corresponding to the
ground pattern 14. Thus, the high frequency circuit unit 3
employing above-described configuration enables manufac-
ture of the high frequency module 1 having a high frequency
circuit block and a digital circuit block densely mounted
therein. The high frequency circuit unit 3 can reduce the high
frequency module 1 having a high frequency front-end
circuit block and a baseband circuit block mounted therein
in size by effectively utilizing the substrate area.

[0061] In the high frequency circuit unit 3, the left side of
the first wiring layer 17 or the region “A” does not corre-
spond to the ground pattern 14 of the base substrate unit 2
side, as shown in FIG. 6. Thus, in the high frequency circuit
unit 3, being not affected by the ground pattern 14 of the
base substrate unit 2, the left side region “A” becomes stable
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in high frequency property, which can improve operational
property of the first inductor element 194 and the second
inductor element 195 which are formed at the region “A”. In
the high frequency circuit unit 3, even though the region “A”
corresponds to the ground pattern of the fifth wiring layer 11
of the base substrate unit 2 side, keeping a sufficient distance
therebetween, the first inductor element 194 and the second
inductor element 1956 are not affected in high frequency

property.

[0062] As described above, the high frequency circuit unit
3 has the first inductor element 19a and the second inductor
element 19b as well we the first transmission line 24a and
the second transmission line 24b formed thereon at the
region “A”. The first transmission line 244 and the second
transmission line 24b have their one ends connected to the
first inductor element 192 and the second inductor element
19b, respectively, as shown in FIG. 8. The first transmission
line 24a and the second transmission line 24b are insulated
and directed within the hollowed pattern regions 20c and
20d formed in the first ground pattern 20, and have their
other ends connected to the lands 224 for inputting/output-
ting high frequency signals, respectively. Thus, being
enclosed by a ground pattern at one common plane as well
as not defining a ground surface in another corresponding
layer, the first transmission line 24a and the second trans-
mission line 24b are configured as coplanar type transmis-
sion lines.

[0063] In the high frequency circuit unit 3, as shown in
FIG. 8, the ground lands 22c, to which ground terminals of
the semiconductor chip 4 are connected, are formed unitedly
with the first ground pattern 20. In the high frequency circuit
unit 3, the first ground pattern 20 works as the ground for
high frequency property of the semiconductor chip 4 as well
as the guard ground of the first inductor element 194 and the
second inductor element 19b. In the high frequency circuit
unit 3, since the first ground pattern 20 is unitedly formed
and ground terminals of the semiconductor chip 4 are
directly connected to the ground lands 22¢ which are formed
unitedly with the first ground pattern 20, it becomes possible
to manufacture a high frequency module 1 of high accuracy
having stable high frequency property which can retain high
frequency connectivity and continuity between the semicon-
ductor chip 4 and the first inductor element 19a or the
second inductor element 19b.

[0064] In the high frequency module 1, a high frequency
circuit unit is configured by the first inductor element 194,
second inductor element 195, electronic part Sa, first ground
pattern 20, high frequency signal transmission line 26, etc.
Also, in the high frequency module 1, a digital circuit unit
is configured by the electronic parts 5b, Sc, digital signal
transmission line 27, etc. Furthermore, in the high frequency
module 1, an analog low frequency circuit unit is configured
by the third inductor element 19¢, second ground pattern 21,
etc. Thus, the high frequency module 1 has the high fre-
quency circuit unit, digital circuit unit, and analog low
frequency circuit unit jointly arranged therein.

[0065] The high frequency module 1 according to the
present invention has the high frequency circuit unit 3
having passive elements such as inductor elements 19 and
capacitor elements, filter elements, wiring patterns, etc.
formed on the planarized buildup-forming surface 16 of the
base substrate unit 2 in the lamination manner by employing
the thin-film technology or the thick-film technology. Thus,
in the high frequency module 1, film elements of high
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accuracy are formed in the high frequency circuit unit 3 as
well as delicate wiring operation to form wiring patterns can
be realized.

[0066] The high frequency module 1 according to the
present invention has formed on the first wiring layer 17 of
the high frequency circuit unit 3 the first transmission line
24a and the second transmission line 24b to connect the
semiconductor-chip-mount lands 22, to which terminals of
the semiconductor chip 4 are connected, and the inductor
elements 19. In the high frequency module 1, the first ground
pattern 20 which works as the guard ground of the inductor
elements 19 and the ground lands 22¢ to which terminals of
the semiconductor chip 4 are connected, which are formed
on the first wiring layer 17 of the high frequency circuit unit
3, are unitedly formed. In the high frequency module 1, the
semiconductor chip 4 and the inductor elements 19 become
of high accuracy and have stable high frequency property,
retaining high frequency connectivity and continuity suffi-
ciently.

[0067] In the high frequency module 1, being directed
within the hollowed pattern regions 20c and 204 formed in
the first ground pattern 20, the first transmission line 24 and
the second transmission line 24b are enclosed by a ground
pattern at one common plane. In the high frequency module
1, the first transmission line 24« and the second transmission
line 24b are configured as coplanar type transmission lines
which are not required to define a ground surface at the
lower layer side. In the high frequency module 1, since a
ground pattern is not necessary in inner layers of the base
substrate unit 2 and the high frequency circuit unit 3, the
high frequency circuit unit 3 has formed on the uppermost
layer thereof the first wiring layer 17 with a dielectric
insulating layer arranged therebetween. The high frequency
module 1 has high frequency property of high accuracy and
of favorable state, being not required to manage thickness of
respective insulating layers with high accuracy.

[0068] In the high frequency module 1, coplanar type
transmission lines and microstrip type transmission lines or
ground coplanar type transmission lines are formed at the
high frequency circuit unit 3 side as well as strip type
transmission lines are formed at the base substrate unit 2 side
by forming the ground pattern 14 at part of the base substrate
unit 2. On the other hand, the present invention is not
restricted to this case, and coplanar type transmission lines
alone may be formed at the high frequency circuit unit 3 side
of the high frequency module 1.

[0069] Inthe high frequency module 1, the ground pattern
14 may be formed into a solid pattern to form a hollowed
pattern at part thereof facing a necessary region of the high
frequency circuit unit 3 so as to form the first transmission
line 24a and the second transmission line 24b facing the
hollowed pattern region and the pattern region. In the high
frequency module 1, the first transmission line 24a and the
second transmission line 24b, which face the ground pattern
14, define the ground pattern 14 as a ground surface to
constitute ground coplanar type transmission lines. In the
high frequency module 1, other transmission lines as well as
coplanar type transmission lines may be jointly formed in
the first wiring layer 17 to partially form a high frequency
property region of high accuracy; responding to demands if
necessary.

[0070] The present invention is not limited to above-
described preferred embodiment, and it should be under-
stood by those ordinarily skilled in the art that various
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modifications, alternative constructions or equivalents can
be implemented without departing from the scope and spirit
of the present invention.

INDUSTRIAL APPLICABILITY

[0071] As in the above, according to the high frequency
module of the present invention, since a high frequency
circuit unit is formed on a planarized buildup-forming
surface of a base substrate unit in the lamination manner,
film elements such as passive elements and function ele-
ments may be formed in wiring parts of the high frequency
circuit unit with high accuracy.

[0072] Furthermore, according to the high frequency mod-
ule of the present invention, since coplanar type transmis-
sion lines, which are required to define no ground surface at
wiring layers of lower layers and are enclosed by a ground
pattern to be directed, are formed on the uppermost wiring
layer of a high frequency circuit unit, inequality in thickness
of insulating layers of respective wiring layers can be
reduced and affection of the ground pattern is removed, as
well as severance of ground patterns formed on the upper-
most wiring layer can be prevented, which can retain high
frequency connectivity and continuity between film ele-
ments and lands, and can improve high frequency property.

1. A high frequency module, comprising:

a base substrate unit having multilayered printed wiring
boards which has its uppermost layer planarized to
form a buildup-forming surface;

a high frequency circuit unit having multiple wiring layers
which are formed on the buildup-forming surface of the
base substrate unit in the lamination manner, ecach of
which layers has a wiring pattern and film elements
formed on a dielectric insulating layer thereof, whose
uppermost wiring layer has plural lands and ground
patterns formed thereon together with the wiring pat-
tern and film elements; and

mount components consisting of a semiconductor chip
and electronic parts mounted on the uppermost wiring
layer of the high frequency circuit unit which have at
least terminals and ground terminals connected to the
lands and ground patterns respectively of the high
frequency circuit unit;

wherein transmission lines to connect the film elements
and lands which are formed on the uppermost wiring
layer of the high frequency circuit unit are insulated
and directed within hollowed pattern regions formed at
the ground pattern to constitute coplanar type transmis-
sion lines which define no ground surface at lower
layers.

2. The high frequency module as set forth in claim 1,
wherein second transmission lines constituting microstrip
type transmission lines or ground coplanar type transmission
lines are formed at the wiring layers of the high frequency
circuit unit which define a ground pattern formed at part of
the wiring layers of the base substrate unit as a ground
surface, and

third transmission lines constituting strip type transmis-
sion lines are formed at the wiring layers of the base
substrate unit which are arranged between ground
patterns formed at upper and lower layers.
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